A mycoplasmal species, Acholeplasma laidlawii, isolated as a contaminant from a fetal lamb kidney cell line, was shown to be associated with the induction of interferon in cultures of ovine peripheral blood leukocytes. Broth cultures of the mycoplasma induced between 20 and 230 U of interferon per ml in leukocytes from two adult ewes. The amount of interferon produced correlated with the inoculum size of mycoplasma. Interferon production was associated with replication of the mycoplasma in the leukocyte cultures. Interferon was not induced by sterile mycoplasmal broth, a cell-free filtrate of the mycoplasmal cultures, or heat-inactivated mycoplasmas. The antiviral substance was characterized as interferon by the usual criteria.
A mycoplasmal species, Acholeplasma laidlawii, isolated as a contaminant from a fetal lamb kidney cell line, was shown to be associated with the induction of interferon in cultures of ovine peripheral blood leukocytes. Broth cultures of the mycoplasma induced between 20 and 230 U of interferon per ml in leukocytes from two adult ewes. The amount of interferon produced correlated with the inoculum size of mycoplasma. Interferon production was associated with replication of the mycoplasma in the leukocyte cultures. Interferon was not induced by sterile mycoplasmal broth, a cell-free filtrate of the mycoplasmal cultures, or heat-inactivated mycoplasmas. The antiviral substance was characterized as interferon by the usual criteria.
A wide spectrum of agents have been shown to be capable of stimulating the production of interferon in animals and in cell cultures. Interferon has been reported to be induced by active and partially inactivated viruses, natural and synthetic polynucleotides and polysaccharides, synthetic polymeric and nonpolymeric compounds, mitogenic agents, and a series of microbial agents and products (8, 15, 34) . However, attempts at inducing interferon with mycoplasmas in cell cultures have so far been unsuccessful (2, 36, 37, 43) .
During the course of investigations to determine the role of ovine peripheral blood leukocytes in resistance to viral infection in vitro, an interferon-like antiviral substance was recovered from the media of uninfected fetal lamb kidney (FLK) cells to Mycoplasma. Tissue culture cells were tested for mycoplasmal contamination using Difco mycoplasma agar or broth supplemented to final concentrations of 20% (vol/vol) horse serum, 5% (vol/vol) fresh yeast extract, and 1,000 U of penicillin per ml (5, 17) . The A. laidlawii isolate, designated the U 2 strain, was subsequently grown in the tryptose broth medium described by Maniloff (28) or modified serum-free rabbit infusion broth (41) supplemented to final concentrations of 5% (vol/vol) fresh yeast extract, 0.5% (wt/vol) glucose, and 1,000 U of penicillin per ml. Mycoplasmal suspensions were prepared and titered as colony-forming units (CFU) per ml (11) . Heat-killed mycoplasmal suspensions were prepared by total immersion for 1 h in a water bath at 60 C. Mycoplasmal filtrates were prepared by two successive passages through a 0.22-gm MF membrane filter supported in a Swinny holder (Millipore Corp., Bedford, Mass.). Treated suspensions were cultured to confirm the absence of viable organisms. Growth inhibition (GI) and metabolic inhibition (MI) antibody tests were performed as previously described (39, 40) , but using serum-free tryptose medium (28) . Donkey antiserum (#M728-501-571) against A.
Iaidlawii type A (National Institute of Allergy and Infectious Diseases, Bethesda, Md.) was utilized to identify the U 2 strain.
Preparation of leukocytes. Venous blood was collected from adult ewes in plastic syringes containing 5 U of heparin (Lipo-Hepin; Riker Labs, Northridge, Calif.) per ml of blood. All glassware used in the preparation of the leukocytes was siliconized. After centrifugation of the blood at 1,800 x g at 4 C for 20 min, the topmost layer, consisting predominantly of leukocytes, was carefully removed. Residual erythrocytes were lysed by adding 30 ml of a 0.83% (wt/vol) concentration of NH4Cl to the buffy coat for 15 min, and the leukocyte pellet was resuspended to the appropriate volume in cold PBS for counting in a hemocytometer. Cell viability, as detected by trypan blue dye exclusion, routinely ranged from 95 to 98%. Differential counts made on Wright stained preparations demonstrated that both the blood and final cultures contained between 55 to 65% lymphocytes, 25 to 35% neutrophils, 5 to 10% monocytes, 5 to 10% eosinophils, and less than 2% basophils.
Interferon induction and assay. Sheep leukocyte preparations were suspended to a final concentration of 2 x 106 cells/ml in MEM with 10% (vol/vol) fetal calf serum. Leukocyte cultures were inoculated with 0.02 to 2.0 CFU/cell of the U 2 strain of A. Iaidlawii, or BTV at a multiplicity of infection of 0.25. The infected cell cultures were distributed in 2-ml samples into glass culture tubes and incubated at 37 C in 5% CO2 and humidity. Samples were harvested each day from single culture tubes. A 0.2-ml sample, containing both supernatant fluid and leukocytes, was collected and assayed for mycoplasma. The remainder of each sample was centrifuged at 400 x g for 10 min and the supernatant fluid was stored for assay of interferon.
The interferon samples were treated at pH 2 for 24 h, a procedure which was shown to inactivate mycoplasma or BTV. Samples (1 ml) of the appropriate dilution of the interferon samples made in MEM with 2% (vol/vol) fetal calf serum were added to FLK cell monolayers in 35-mm plastic petri dishes (Falcon Plastics, Oxnard, Calif.). After overnight incubation at 37 C, the cell monolayers were washed with PBS, challenged with approximately 50 PFU of VSV, and overlaid with 2 ml of 0.5% agarose. Twenty-four hours later a 0.75% (wt/vol) agar-MEM solution containing neutral red at a final concentration of 1: 40,000 was added. Plaque counts were made the next day. The titer of interferon was considered as the reciprocal of the highest dilution which inhibited 50% of the plaques in the control cell cultures. A laboratory standard ovine interferon preparation was included in each assay as a control for the variation in the assay system.
RESULTS
Interferon induction by media from FLK cultures and identification of a mycoplasmal contaminant. After the discovery of substantial levels of an antiviral substance in mixed cultures of ovine leukocytes and FLK cell monolayers, investigations were undertaken to determine whether an adventitious agent in the kidney cell cultures played a role in this phenomenon. The medium from the FLK cells was found to contain a high titer of mycoplasma, which was subsequently identified as A. laidlawii, a member of the nonsterol requiring mycoplasmal family Acholeplasmataceae (9), by the GI and MI antibody tests utilizing specific hyperimmune serum. The mycoplasmal isolate was designated as the U 2 strain after the line of FLK cells (FLK-U 2) from which it was isolated. Portions of the contaminated supernatant fluids from the FLK cells were added to ovine leukocyte cultures and observed for interferon production. In Table 1 are illustrated the titers of mycoplasma obtained from the contaminated media of FLK cells on two separate occasions (experiments 36 and 39). In addition, the final concentration of mycoplasma in the inoculated leukocyte cultures at the beginning of the experiment as well as the titers of interferon induced in the ovine leukocytes over a 4-day period are shown.
Interferon induction and mycoplasmal replication. Table 2 displays the results of a series of experiments which demonstrate that broth cultures of A. laidlawii, U 2 strain, were associated with the induction of between 20 and 140 U of interferon in ovine leukocytes derived from one donor animal (ewe #7). Interferon was not detectable in the media until at least 48 h postinoculation, and the titer appeared to correlate with the number of CFU of A. laidlawii. In each experiment a 100-fold dilution of mycoplasma resulted in the induction of less interferon. It appears that the presence of approximately 104 CFU of A. laidlawii per ml was required to induce detectable interferon and that higher titers of mycoplasma-106 CFU/ml or greater-did not result in appreciably higher levels of interferon. Furthermore, it is apparent Although much less or undetectable levels of interferon were produced by leukocytes from ewe #46, the titers of mycoplasma in the cultures were similar. Again, interferon production was associated with replication of the mycoplasma in the leukocyte cultures. BTV, a double-stranded RNA virus (4, 30) and a natural pathogen of sheep (20) Further experiments were performed to eliminate the possibility that antiviral interference of noninterferon origin was mediated directly by A. Iaidlawii present in the preparations being assayed for interferon. Portions of samples from experiment 43 (Table 2) were filtered through a 0.22-,gm membrane filter, resulting in the elimination of 99 to 100% of the detectable mycoplasmas. Filtered and unfiltered portions from the same samples were then acid treated and assayed for interferon. No significant difference in interferon titers between the two portions was observed, indicating that the antiviral activity in the infected leukocyte samples was filterable and was not mediated directly by the presence of mycoplasma.
To further eliminate the possibility that A. laidlawii present in the media of the leukocyte cultures after acid treatment mediated interference, the following experiments were performed. Serial dilutions of viable mycoplasma and serial dilutions of acid-treated mycoplasma were incubated overnight with FLK cells. The cell monolayers were washed and challenged with VSV in a manner identical to that of the interferon assay. In several experiments, a concentration of 2 x 106 CFU or greater of viable mycoplasma per ml produced evidence of interference at a 1/30 dilution even in the presence of tylosin-containing media. In contrast, an acidtreated sample of an A. Iaidlawii pool titering at 107 CFU/ml failed to induce significant interference (50% reduction in number of plaques in the control plates) at a 1/20 dilution. These experiments strongly indicate that the antiviral activity present in the media of the leukocyte cultures is not nonspecific interference mediated by acid-treated mycoplasma. DISCUSSION The data presented indicate that inoculation of ovine peripheral blood leukocyte cultures with A. Iaidlawii (U 2 strain) was associated with both the replication of the mycoplasma and the induction of interferon. To our knowledge, this is the first reported instance of a mycoplasmal infection of mammalian cell cultures being associated with the production of interferon. Supportive evidence has been obtained, however, by W. R. Stinebring and J. S. Youngner (personal communication), who found that pure concentrates of Mycoplasma pneumoniae induced low but definite levels of circulating interferon in mice after intravenous injection.
The failure of other investigators to demonstrate interferon induction by mycoplasmas may be related to the cell type employed. In this regard, Yershov and Zhdanov (43) and Smirnova and Kagan (37) failed to detect interferon in chick embryo cells infected with A. Iaidlawii although the latter workers demonstrated replication of the mycoplasmas. Several investigators using a variety of other mycoplasmal species have also been unable to show the induction of interferon after infection of mouse L cells (2), hamster embryo fibroblasts (36) , human embryonic kidney cells (2) , and chick embryo cells (37, 43) , even though replication of the mycoplasmas occurred.
It is reasonable to postulate that leukocytes and macrophages may interact with mycoplasmas in a different manner than do other cell types. It is now generally accepted that, although some species of mycoplasma may reside intracellularly (22) , most exist predominantly in the extracellular environment and/or in association with the plasma membrane of mammalian cells (1, 10, 22) .
The concept that mycoplasmal interaction with leukocytes is different from that with fibroblastic or epithelial cells is supported by the electron microscopy studies of ZuckerFranklin et al. (44, 45 (6) failed to detect uptake of M. arthritidis by murine peritoneal macrophages even in the presence of homologous convalescent rat or mouse sera.
Another possible mechanism for the induction of interferon by mycoplasmas in leukocyte cultures may be mediation by an immunological reaction. Sensitized lymphocytes from human donors have been shown to produce interferon when exposed to specific antigens (14) . Since A. Iaidlawii is a common soil organism and has been frequently isolated from cattle (7), it is conceivable that the sheep lymphocytes used in these studies were sensitized to A. Iaidlawii as a result of prior natural infection. Preliminary evidence in this laboratory has indicated, however, that sheep used in these experiments did not have prior antigenic exposure to A. laidlawii as evidenced by the absence of serum GI and MI antibodies.
Alternatively, the interferon induction observed in these studies may be due to the presence of a mycoplasma-associated product. It has recently been demonstrated that many, if not all, strains of A. Iaidlawii are infected with viral agents (12, 13, 26 Relatively high doses of endotoxin (200 Ag) have been shown to induce low levels (2 to 8 U) of interferon 3 h after addition to bovine leukocyte cultures (25) . Although A. laidlawii has never been reported to produce an endotoxin, a galactan isolated from M. mycoides has been shown to exhibit endotoxin-like properties (21, 42) . However, the differences in the kinetics of production and the higher levels of interferon induced by A. Iaidlawii, as well as our preliminary finding that bacterial endotoxin induces little or no interferon in ovine leukocytes, would tend to negate a role for mycoplasmal endotoxin in interferon induction by A. Iaidlawii.
Several studies have demonstrated that mycoplasmas may enhance (43) , depress (36) , or have no effect on (2) the induction of interferon by various agents in tissue culture. Similar diverse effects of mycoplasmas on viral replication are well documented (2, 16, 24, 36) . The ability of A. Iaidlawii to induce interferon in mammalian cells should be viewed with some concern due to increasing frequency of isolation of this and other mycoplasmal species from cell cultures (18, 38) . The possibility that unsuspected contamination with mycoplasmas may influence results of studies concerning interferon production in cell cultures, particularly those with leukocytes or macrophages, should be considered.
Preliminary evidence by Stinebring and Youngner (personal communication) indicates that mycoplasmas may be capable of inducing interferon in vivo. It is reasonable to postulate that in vivo induction of interferon by mycoplasmas could alter the susceptibility of the host to viral infection. However, data concerning the effects of mycoplasmas on viral pathogenesis are limited. Studies have shown that M. gallisepticum induced a more severe disease during dual infection with viruses in avian hosts (19, 32) . Pertinent to our results, A. Iaidlawii has been isolated directly from the human oral cavity (33) , leukemic bone marrow (18) , and human burns (29) . However, this organism has not as yet been examined with regard to its interaction with viral infections in humans and other animals. 
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